Let r 2 be an integer. A real number ∈ [0, 1) is a jump for r if there is a constant c > 0 such that for any > 0 and any integer m where m r, there exists an integer n 0 such that any r-uniform graph with n > n 0 vertices and density + contains a subgraph with m vertices and density + c. It follows from a fundamental theorem of Erdős and Stone that every ∈ [0, 1) is a jump for r = 2. Erdős asked whether the same is true for r 3. Frankl and Rödl gave a negative answer by showing some non-jumping numbers for every r 3. In this paper, we provide a recursive formula to generate more non-jumping numbers for every r 3 based on the current known non-jumping numbers.
Introduction
For a finite set V and a positive integer r we denote by 
|. An r-uniform graph H is called a subgraph of an r-uniform graph G if V (H ) ⊆ V (G) and

E(H ) ⊆ E(G). We write H ⊆ G if H is a subgraph of G. A subgraph H of G is called induced if E(H )=E(G)∩ V (H ) r
. It is easy to show that for an r-uniform graph G, the average of densities of all its induced subgraphs with m r vertices is d(G) (cf. [6] ). Therefore, there exists a subgraph with m vertices and density d (G) . A natural question is whether there exists a subgraph of any given order with density d(G) + c, where c > 0 is a constant? To be precise, the concept of 'jump' is given below. It follows from a fundamental theorem of Erdős and Stone [2] that every ∈ [0, 1) is a jump for r = 2. For r 3, Erdős [1] proved that every ∈ [0, r!/r r ) is a jump. Furthermore, Erdős proposed the jumping constant conjecture: Every ∈ [0, 1) is a jump for every integer r 2. In [5] Following a similar approach in [5] , some other non-jumping numbers are given in [4, [8] [9] [10] [11] . But there are still a number of important unsolved questions regarding jumps for hypergraphs. For example, a well-known question of Erdős is to determine whether or not r!/r r is a jump and what is the smallest non-jumping number for r 3 (recall that every ∈ [0, r!/r r ) is a jump for r 3). At this moment, the current smallest known non-jumping number for r 3 is 5 2 r!/r r given in [4] . Another question raised in [4] is whether there is an interval of non-jumping numbers for r 3. From the definition of 'jump', we see that, if a number is a jump, then there exists a constant c > 0 such that every number in [ , + c) is a jump. Consequently, if there is a set of non-jumping numbers whose limits form an interval (number a is a limit of a set A if there is a sequence {a n } ∞ n=1 , a n ∈ A such that lim n→∞ a n = a), then every number in this interval is not a jump. We do not know whether or not such a 'dense enough' set of non-jumping numbers exists and it seems to be hard to answer this question. We strongly feel that there might exist a number a such that every number in [a, 1) is a non-jumping number for some r 3. If this is true, more non-jumping numbers should be found in addition to the current known non-jumping numbers. So it is somehow interesting to produce more non-jumping numbers in a general way. In this paper we provide a recursive formula to generate more non-jumping numbers based on the known non-jumping numbers given in [4, 5, [8] [9] [10] [11] .
Preliminaries and the main result
We first give the definition of the Lagrangian of an r-uniform graph, a helpful tool in our approach. More studies of Lagrangians can be found in [3, 5, 7, 12] . 
where x i is called the weight of the vertex i.
The following fact is easily implied by the definition of the Lagrangian.
We introduce the blow-up of an r-uniform graph G allowing us to construct r-uniform graphs with arbitrary large number of vertices and densities close to r! (G). [5] ). Let G be an r-uniform graph with m vertices and y = (y 1 , . . . , y m ) be an optimal vector for (G). Then for any > 0, there exists an integer n 1 ( ), such that for any integer n n 1 ( ),
Remark 2.2 (Frankl and Rödl
Let us also state a fact which follows directly from the definition of the Lagrangian.
Fact 2.3 (Frankl and Rödl [5]). For every r-uniform graph G and every integer n, ((n, n, . . . , n) ⊗ G) = (G) holds.
Lemma 2.4 proved in [5] gives a necessary and sufficient condition for a number to be a jump. This lemma establishes the connection between a jump and Lagrangians of some related uniform graphs. Before describing it, we need the following definition. Definition 2.4. For ∈ [0, 1) and a family F of r-uniform graphs, we say that is a threshold for F if for any > 0 there exists an n 0 = n 0 ( ) such that any r-uniform graph G with d(G) + and |V (G)| n 0 contains some member of F as a subgraph. We denote this fact by → F. [5] ). The following two properties are equivalent.
Lemma 2.4 (Frankl and Rödl
is a jump for r. 2. → F for some finite family F of r-uniform graphs satisfying (F ) > /r! for all F ∈ F.
We also need the following lemma from [5] in the proof of our main result.
Lemma 2.5 (Frankl and Rödl [5]). For any
0 and any integer k r, there exists t 0 (k, ) such that for every t t 0 (k, ), there exists an r-uniform graph A = A(k, , t) satisfying:
The following theorem is our main result. For positive integers x and y, denote 
, where l 1 2;
Then N (i) s are non-jumping numbers for r 3 if
Remark 2.7. N (1) in Theorem 2.6 can be replaced by other non-jumping numbers given in [4, [8] [9] [10] [11] .
Let us give two examples to illustrate Theorem 2.6: 
2. Condition (3) implies that l i+1 r.
The approach in proving Theorem 2.6 is sketched as follows: Assuming that N (i) is a jump, we will derive a contradiction in two steps.
Step 1: Construct an r-uniform graph with the Lagrangian slightly smaller than N (i) /r!, then use Lemma 2.5 to add an r-uniform graph with a large enough number of edges but sparse enough (guaranteed by properties 2 and 3 in Lemma 2.5) and obtain an r-uniform graph with the Lagrangian slightly larger than N (i) /r!. Then we 'blow up' it to an r-uniform graph, say H (i) with a large enough number of vertices and density N (i) + for some > 0 (see Remark 2.2). If N (i) is a jump, then by Lemma 2.4, N (i) is a threshold for some finite family F (i) of r-uniform graphs with Lagrangians > N (i) /r!. So H (i) must contain some member of F (i) as a subgraph.
Step 2: Show that any subgraph of H (i) with the number of vertices not greater than max{|V (F (i) )|F (i) ∈ F (i) } has the Lagrangian N (i) /r! and derive a contradiction.
We would like to point out that it is certainly nontrivial to construct an r-uniform graph satisfying the properties in both Steps 1 and 2. Generally, whenever we find such a construction, we can obtain a corresponding non-jumping number. This method was first developed by Frankl and Rödl in [5] , then it was used in [4, [8] [9] [10] [11] ] to find more nonjumping numbers by giving this type of construction. The critical and technical part in the proof of the main theorem in this paper is to show that the construction satisfies the property in Step 2 (Lemma 3.2 in Section 3).
Proof of Theorem 2.6
Let l i and N (i) , i 1 be given as in Theorem 2.6. We will show that N (i) s are non-jumping numbers as described in two steps from last section.
Step 1: Let t be a positive integer. We first define a sequence of r-uniform graphs G
. . . , V z i , each of cardinality t as below.
Define G (1) t on l 1 pairwise disjoint sets V 1 , V 2 , . . . , V l 1 , where |V i | = t, and the edge set of G (1) 
is any other non-jumping number given in [4, [8] [9] [10] [11] , then G (1) t will be replaced by the corresponding construction given in those papers.) Now suppose that G For any integer k r and > 0, let t 0 (k, ) be given as in Lemma 2.5. Take t > t 0 (k, ) and an r-uniform graph A(k, , t) satisfying the conditions in Lemma 2.5 with V (A(k, , t) )=V 1 A(k, , t) to G (i) t . Suppose that N (i) is a jump. In view of Lemma 2.4, there exists a finite collection F (i) of r-uniform graphs satisfying the following: 
. The r-uniform graph H (i) (k, , t) is obtained by adding
Now we prove (4) by induction on i.
for t large enough. Now suppose that for integer j 1,
holds for sufficiently large t. Recall that G (j +1) t consists of l j +1 disjoint copies of G (j ) t and all crossing edges among these disjoint copies of G (j ) t . Therefore,
This completes the proof of the Claim. On the other hand, in view of Lemma 2.4, some member
By Facts 2.1 and 2.3, we have
Step 2: Theorem 2.6 will follow from Lemma 3.2, whose proof will be given in the next section. 
holds.
Now applying Lemma 3.2 to (8), we have
(
which contradicts our choice of F (i) , i.e., contradicts that (
. This completes the proof of Theorem 2.6.
Proof of Lemma 3.2
Let
j be the sum of the weights
Now we will prove Lemma 3.2 based on induction on i. For i = 1, the following result is proved in [5] .
Lemma 4.1 (cf. Frankl and Rödl [5] ).
Assuming that
we are going to show that
Recall that
which consists of l i+1 disjoint copies of G (i) t and all crossing edges among these disjoint copies of G (i) t . Therefore, H (i+1) (k, , t) consists of a copy of H (i) (k, , t) , l i+1 − 1 copies of G (i) t and all crossing edges among these disjoint copies of H (i) (k, , t) and G (i) t . Then by the assumption (12) , the summation of the terms in (M (i+1) ) restricted on
r . Similarly, for each p, 2 p l i+1 , the summation of the terms in (M (i+1) ) restricted on vertex
and 
